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IntroductIon
Comprehensive injury prevention is a complex process. It is an effort 
of a multidisciplinary medical team whose work is aimed at the 
reduction of injury risk. On one hand, it depends on precise medical 
diagnosis; on the other, it requires comprehensive rehabilitation. 
What is more, proper selection of intensity and load used during the 
rehabilitation process and sport training is important. In this aspect, 
the knowledge and experience of trainers helps to prepare and im-
plement proper training which reduces the risk of injuries, especial-
ly those related to overtraining. Athletes’ awareness, their motivation 
and commitment in fulfilling the suggested preventive tasks are also 
important factors related to injury prevention [7,11,14].
Factors and causes related to injury prevalence:
1. sports discipline (type of work),
2. improper use of equipment, environmental conditions,
3. training errors and insufficient conditioning level,
4. level of sport advancement,
5. previous injuries (joint instability),
6. sex,
7. psychological (mental) status,
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AbstrAct: Ensuing from isokinetic measurements, the conventional Hcon/Qcon ratio of muscle balance is used 
as an index for comparing proper relations between the values of strength of knee flexors and extensor muscle. 
Its abnormal values might indicate pathology of the musculotendinous complex. The aim of the study was to 
present the possibility of using this ratio as one of the objective identifiers enabling the assessment of knee 
injury risk in sports. All participants (n=48) were divided into 3 groups: group A (n=16, healthy competitors), 
group B (n=16, athletes with minor injuries), group C (n=16, competitors with serious injuries), depending on 
the degree of knee injury. All subjects performed an isokinetic test for knee extensors and flexors at angular 
velocities of 60°/s and 120°/s. Average peak torque (APT) value of knee flexors and extensors, and the value of 
Hcon/Qcon ratio was analyzed. Both values were calculated in relation to body mass (Nm/kg). Bilateral comparison 
of isokinetic test parameters confirmed the decrease of quadriceps muscle strength values for the injured extremity 
in groups B and C. Statistically significant difference was noted for Hcon/Qcon ratio between group A and C, as 
well as B and C. Hence, the value of conventional Hcon/Qcon ratio can be used for the prevention of sports 
related injuries
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8. anatomic, structural, biomechanical factors.
Many authors stress the importance of proper balance of antagonist 
muscles when participating in physical effort [16,19,21]. Muscle 
imbalance around a joint or body segment can lead to the lack of 
proper control over body movement. Knapik et al. confirmed that 
contralateral imbalance of hamstring group higher than 15% incre-
ases risk of injury 2,6 times [3].
Isokinetic testing provides precise evaluation of muscle strength 
balance. The H/Q ratio between knee extensors and flexors registered 
during concentric muscle contraction is one of the important para-
meters used for evaluation. In literature this ratio is known as the 
conventional Hcon/Qcon ratio and it is calculated as knee flexors 
peak torque divided by peak torque of knee extensor muscles. Knee 
extensors’ peak torque value should exceed knee flexors PT value in 
3:2 ratio [28]. Hcon/Qcon ratio depends on the velocity of the mo-
vement of the tested limb, as well as on the testing position and on 
the evaluated group [2,29]. Many authors provide the value of 0.6 
as a normative for Hcon/Qcon ratio for 60°/s which increases up to 
0,8 with increased movement velocity [20,27]. Heiser et al. conc-
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luded that different Hcon/Qcon values can increase the risk of soft 
tissue or muscle injury [10]. The higher the values of Hcon/Qcon the 
better functional capability of knee flexors to stabilize the knee joint 
[9]. Increased knee stability can prevent and reduce the risk of in-
jury [17].
On the basis of the Hcon/Qcon ratio value one can estimate the 
risk of injury to musculotendinous unit and then implement proper 
prevention activities during physical effort [5,12,13,15,19].
This study aims at presenting the possibilities of using isokinetic 
testing for muscle balance assessment, as one of the predicators 
enabling the evaluation of knee injury risk in sports.
MAtErIALS And MEthodS 
48 athletes representing various sport disciplines participated in this 
study. All participants were divided into 3 groups: A, B and C.   
Group A consisted of 16 healthy subjects, where medical interview 
did not reveal any symptoms of even minor musculoligamentous 
injuries. Group B consisted of 16 subjects with minor injuries (knee 
sprains, contusions, hamstrings sprains – without other clinical symp-
toms). Finally, group C comprised 16 subjects with significant inju-
ries (meniscus, cartilage and ligamentous injuries), clinically confir-
med during e.g. arthroscopic procedures. All participants signed 
formal consent and were informed about the goal and scope of   
the evaluation. Isokinetic testing was performed from January to 
June 2006.
Anthropometric characteristics of participants are detailed in Table 
1.All participants had their knees dynamically tested for concentric 
work. The test was performed bilaterally for 5 repetitions (flexion and 
extension) at 60°/s and 10 repetitions at 120°/s. Tested ROM was 
90° from complete extension to 90° flexion. Tests were performed at 
the Physiotherapy Center “Fizjofit” in Gliwice.
The distal end of the lower limb above lateral malleouls was 
strapped to the moving arm of the isokinetic device by a velcro strap, 
allowing for unrestricted physiological movement. Axis of movement 
of the arm was aligned with the axis of knee movement. Proximal 
segment of the thigh was stabilized by a velcro strap, pelvic and 
trunk were also stabilized properly. During testing upper limbs were 
placed across chest. Patients were verbally encouraged and motiva-
ted during the testing, according to the accepted methodology [4].
Before testing, all subjects participated in a warm-up session, which 
consisted of 10 minutes of cycling, muscle stretching (2 min) and 
2-3 submaximal and 1 maximal repetitions for tested velocity.
During testing the average peak torque (APT) for quadriceps and 
hamstrings for both limbs and conventional Hcon/Qcon ratio were 
recorded; APT values were calculated in relation to body mass. 
The registered data homogeneity of variance of the groups was tested 
with Levene’s test. Distribution of variables did not differ from normal 
distribution (p>0.05). Statistical analysis was based on the ANOVA/
MANOVA multifactor analysis of variance. Interaction between: tested 
group x tested extremity x movement was estimated. In case of 
statistical significance the post hoc T Tukey’s test was conducted. 
Statistical significance was accepted on the level of p<0.05. Stati-
stica 5.0 software was used in the whole statistical analysis [22].
rESuLtS 
Table 2 presents APT values for 60°/s and 120°/s in group A for flexion 
and extension of the dominant and non-dominant limb. As can be 
seen in the table, APT values for quadriceps muscles are higher than 
for hamstrings group in healthy subjects.
Table 3 shows APT values (Nm/kg) in groups B and C. As can be 
seen in this table, values for 60°/s for extension are generally lower on 
the involved side, which indicates pathology of the musculotendinous 
system. The same tendency can be seen for higher testing velocity.
In group A results confirmed a statistically significant difference 
for extension for both velocities (Fig. 1). The difference can be seen 
Group A Group B Group C
Age (years) 20.30±1.32 21.3±3.90 22.85±1.98
Height (cm) 175.34±3.34 178.25±5.19 182.35±4.42
Weight (kg) 70.79±8.93 70.43±7.42 73.79±6.46
tAbLE 1. ANTHROPOMETRIC CHARACTERISTICS OF SuBJECTS; 
MEAN VALuES AND STANDARD DEVIATIONS
Involved side Uninvolved side
Group Movement APT SD APT SD
Testing velocity 60°/s
B
Extension 3.21 0.77 3.13 0.51
Flexion 1.97 0.35 1.99 0.31
C
Extension 3.22 0.87 3.35 0.87
Flexion 2.32 0.57 2.33 0.51
Testing velocity 120°/s
B
Extension 2.75 0.39 2.78 0.40
Flexion 1.83 0.30 1.81 0.25
C
Extension 2.58 0.63 2.67 0.61
Flexion 2.01 0.47 2.07 0.45
tAbLE 3. AVERAGE PEAK TORQuE (APT) VALuES (Nm/kg) IN 
GROuPS B AND C FOR 60°/s AND 120°/s ANGuLAR VELOCITIES 
Dominant side Non-dominant side
Group Movement APT SD APT SD
Testing velocity 60°/s
A
Extension 3.78 0.41 3.76 0.55
Flexion 2.21 0.30 2.19 0.33
Testing velocity 120°/s
A
Extension 3.04 0.36 3.00 0.35
Flexion 2.00 0.28 1.97 0.32
tAbLE  2.  AVERAGE  PEAK  TORQuE  (APT)  VALuES  (Nm/kg) 
IN  GROuP  A  (HEALTHy  SuBJECTS)  FOR  BOTH  ISOKINETIC 
VELOCITIES 
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in both dominant and non-dominant limbs. There was no statistical-
ly significant difference between APT values in both sides (dominant 
and non-dominant side). 
For all groups conventional Hcon/Qcon ratio was calculated   
(Tables 4 and 5). As seen in Table 4, Hcon/Qcon ratio values are 
higher in respected groups for 120°/s velocity. In group A, the value 
of Hcon/Qcon  is 0.58 for dominant and non-dominant side and it 
is close to what is generally considered as the regular value for knee 
muscle balance.
In group B and C, the values of Hcon/Qcon ratio are lower for   
the involved side for both velocities, which can be explained by 
musculotendinous insufficiency. The graphic interpretation of   
the respective results is presented in Fig. 2.
As seen in Table 5, the Hcon/Qcon ratio values are highest in 
group C (severe injury). We can conclude that the value of this pa-
rameter reflects the degree of injury and musculotendinous insuffi-
ciency.
T Tukey’s post hoc test confirmed statistically significant differen-
ce values of Hcon/Qcon ratio between groups A and C, as well as B 
and C for 120°/s velocity, and for the involved side for 60°/s. These 
results can be indicative of severity of damage to limb between 
groups B and C.
dIScuSSIon 
Muscle imbalance as a result of decreased strength of agonist or 
antagonist muscle group is most often seen as a factor increasing 
the risk of injury. There is a proven relationship between muscle 
strength deficit and increased risk of injury [8]. Comprehending the 
work of both synergistic and antagonistic mechanisms of knee flexors 
and extensors is crucial for understanding its complex functioning.
Muscle strength can be precisely measured by isokinetic devices. In 
this study, for the purpose of the evaluation of maximal strength, 
60°/s angular velocity was selected as it is considered the closest 
related to maximal concentric strength of a tested subject [26].
Isokinetic testing has one important advantage: it is safe for the tested 
person, because during movement the dynamometer’s arm adjusts 
to the moment of force generated by the patient. Therefore, during 
ROM the patient never meets resistance that he or she is not able to 
overcome (as it may take place with isotonic exercise). At the same 
time, during the isokinetic tests, the patient generates maximal force. 
This helps to develop the highest values of muscle strength.   
This relationship of strength to ROM value can be very helpful for 
clinical diagnosis [23]. In this way we can verify an athlete’s status 
and readiness for physical performance. On the basis of the results 
of isokinetic testing we can design an individualized strength training 
Side Velocity
Group A Group B Group C
Hcon/
Qcon SD Hcon/
Qcon SD Hcon/
Qcon SD
Involved side 
(non-
dominant)
60°/s 0.58 0.06 0.59 0.09 0.77 0.21
120°/s 0.66 0.09 0.66 0.06 0.83 0.18
Uninvolved 
side 
(dominant)
60°/s 0.58 0.04 0.64 0.08 0.73 0.16
120°/s 0.68 0.08 0.65 0.06 0.84 0.18
tAbLE 4. Hcon/Qcon RATIO VALuES IN ALL GROuPS
Side Velocity
Group A Group B Group C
Min Max Min Max Min Max
Involved side 
(non-
dominant)
60°/s 0.52 0.65 0.49 0.73 0.56 1.48
120°/s 0.54 0.79 0.53 0.75 0.57 1.28
Uninvolved 
side 
(dominant)
60°/s 0.49 0.65 0.46 0.74 0.49 1.31
120°/s 0.52 0.83 0.54 0.75 0.58 1.25
tAbLE 5. MIN AND MAx VALuES OF Hcon/Qcon RATIO IN ALL 
GROuPS
   
Velocity
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FIG. 1.  AVERAGE PEAK TORQuE (APT) VALuES IN GROuP A  
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In an injury prevention program it is important to calculate the ip-
silateral conventional Hcon/Qcon ratio. It is widely used in the search 
of proper relationship between strength of agonist and antagonist 
knee muscle groups in various biomechanical conditions and in for-
ce-velocity relations [18,28]. It is also used by some some authors 
to evaluate functional abilities of knee joint [11]. Hcon/Qcon value 
describes predisposition to knee injuries [6,7]. According to some 
authors, Hcon/Qcon ratio value lower than 0.6 with concomitant 
contralateral asymmetry between hamstrings strength (higher than 
5%), should exclude the subject from active participation in sports 
and direct him/her to a rehabilitation process [6]. Very often, after   
a knee injury, the correct value of Hcon/Qcon is a goal to be achieved 
to reestablish proper muscle balance and stability of knee joint [3]. 
According to various authors, conventional Hcon/Qcon ratio value for 
60°/s velocity should be equal to 0.63–0.66 [6,24]. Values calcu-
lated in our study are similar to those presented in bibliography. 
Among athletes without any injuries to the knee joint, values for 
dominant and non-dominant side ranged from 0.49 to 0.65 and from 
0.52 to 0.65, respectively.It can be seen that values achieved in our 
study are slightly lower for group A than in cited research.   
This difference can be caused by the specificity of sport training which 
is focused on strength development. This observation has been con-
firmed by other studies [25]. Also, statistically significant difference 
between Hcon/Qcon ratio values between group A and C can be seen, 
as well as between B and C for 120°/s velocity. This difference 
can be explained by the lower value of quadriceps muscle   
strength in knee injured group due to muscle atrophy of the fast twitch 
fibers [20].
However, the use of conventional Hcon/Qcon ratio for the calcu-
lation of injury risk has some restrictions. Conventional Hcon/Qcon 
ratio is a calculation that is based on concentric work of agonist and 
antagonist muscle groups. It is not a physiologic act that takes 
place in sport-related activity. Concentric work of agonist group (knee 
extensors) is accompanied by simultaneous eccentric work of anta-
gonist muscles (knee flexors). Hence, it is imperative to evaluate and 
maintain the interdependence of muscle groups in these respective 
types of muscle activities.
Muscle dysbalance around knee joint can cause various injuries, 
especially straining of the hamstrings group. The question that arises, 
i.e. will the correction of the antagonist muscle imbalance reduce 
the risk of injury, so far has not been answered completely. Conven-
tional Hcon/Qcon ratio value of 0.6 is widely used as normative, but 
further analysis and search for injury causes have to be undertaken, 
for it seems that research available today is not supportive enough 
to draw an ultimate conclusion about this value. Still, there is a si-
gnificant quantity of research, acquired during isokinetic testing, 
which supports this value as an objective parameter that can be 
used for calculation of the risk of injury. Perhaps further analysis of 
other parameters describing dynamic relationship between knee 
flexors and extensors (including eccentric muscle contraction, as 
proposed by Aagaard – dynamic or functional ratio [1]), including 
the analysis of the strength-velocity relationship in specific ROM, 
will be even more effective in successful sports injury prevention. 
concLuSIonS 
1.Isokinetic testing enables precise muscle strength assessment in 
athletes. The result of such testing, calculated conventional Hcon/
Qcon ratio, describes muscle balance and can be used in injury 
prevention.
2.Different values achieved in group A (healthy subjects) and group 
C (knee injured subjects) reflect severity of injury and health status 
at the time of testing.
3.There is a need to further investigate the conventional ratio of 
muscle balance, in relation to different degrees of intra-articular and 
out-articular injuries in different kinds of athletes, in order to effec-
tively limit and minimize the causes of injuries. 
rEFErEncES  
FIG. 2.  GRAPHIC REPRESENTATION OF Hcon/Qcon RATIO FOR 
GROuPS WITH INJuRED KNEE
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